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ABSTRACT
Screening specimens were homogenised in saline 0.9% w ⁄ v before either direct inoculation or following
enrichment in broth on three chromogenic media (MRSA-ID, CHROMagar MRSA and MRSA Select)
and ORSAB medium for the detection of methicillin-resistant Staphylococcus aureus (MRSA). In total, 102
of 466 specimens yielded MRSA on at least one medium. After incubation for 16–18 h, the sensitivity
was 51%, 59%, 47% and 65% on MRSA-ID, CHROMagar MRSA, ORSAB and MRSA Select,
respectively, compared with 82%, 75%, 67% and 80%, respectively, after 42 h, and 93%, 95%, 79% and
not tested, respectively, following broth enrichment. There were significantly more MRSA colonies on
MRSA-Select after 16–18 h than on ORSAB or MRSA ID (p 0.001 and 0.0022, respectively), whereas there
were more MRSA colonies after 42 h on MRSA-ID and MRSA-Select than on ORSAB (p 0.0004 and 0.012,
respectively). The specificity of the media for identifying MRSA based on the colour of colonies after
incubation for 16–18 h was 100%, 99%, 99% and 100%, respectively, compared with 98%, 97%, 98%
and 98%, respectively, after 42 h, and 100%, 99%, 100% and not tested, respectively, following broth
enrichment. The speed of detection (mean time to report a positive result) was 1.65, 1.72, 2.31 and
1.35 days, respectively. For each of the three media tested following enrichment, the use of an
enrichment broth increased the detection rate of MRSA by 16–24%.
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INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA)
is responsible for a large number of nosocomial
infections worldwide, and is becoming of greater
public health concern since the emergence of
community-acquired MRSA [1,2]. Rapid and
specific detection of MRSA in the laboratory is a
key element in enabling control measures and
early therapeutic decisions [3–7]. New chromo-
genic media for the detection of MRSA have
recently become available [6,8–11]. The aim of the
present study was to evaluate prospectively the
performance of three chromogenic media
(MRSA-ID, CHROMagar MRSA and MRSA-
Select) and ORSAB medium for the detection of
MRSA in clinical specimens, in terms of sensitiv-
ity, specificity, selectivity, speed of detection and
cost.
MATERIALS AND METHODS
Setting
The University Hospital of Lausanne is an 870-bed tertiary care
hospital. The proportion of MRSA among total S. aureus
isolates is c.10%. Active surveillance cultures are part of the
MRSA control programme, which includes taking screening
samples from: (i) previously hospitalised patients known to
have been positive for MRSA; (ii) patients who have received
MRSA decolonisation treatment; and (iii) patients transferred
from a foreign hospital, patients sharing a room with patients
known to be infected ⁄ colonised with MRSA, and staff mem-
bers and ⁄ or patients from a ward with a suspected cluster of
MRSA infections ⁄ colonisations. The screening samples for
each patient included swabs (sterile transport swabs; Copan,
Brescia, Italy) taken from the nose, the throat, the perineum
and all infected sites.
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Bacteriology
Screening swabs were resuspended in 0.5 mL of saline 0.9%
w ⁄v. Aliquots (100 lL) of the suspension were then inoculated
(direct cultures) on each of the four media investigated,
namely MRSA-ID (bioMe´rieux, La Balme et Craponne,
France), ORSAB (Oxoid, Basingstoke, UK), CHROMagar
MRSA (CHROMagar, Paris, France) and MRSA-Select (Bio-
Rad, Marnes la Coquette, France). Following inoculation, 5 mL
of m-Staphylococcus broth (pancreatic casein digest 1% w ⁄ v,
yeast extract 0.25% w ⁄ v, yeast extract 0.2% w ⁄ v, lactose 0.2%
w ⁄v, mannitol 1% w ⁄ v, dipotassium phosphate 0.5% w ⁄ v,
NaCl 7.5% w ⁄ v) was added to the tube containing the
remaining 100 lL of suspension and the swab. This procedure
ensured that each direct culture plate received an equivalent
inoculum. The plates were examined after incubation for 16–18
h at 35C, and again after incubation for 42 h. The growth of
characteristic MRSA colonies (see below) and of non-charac-
teristic colonies (annex flora) was evaluated semi-quantitative-
ly by the streaking method (1, growth in the first quadrant; 2,
growth in the second quadrant, 3 growth in the third quadrant;
4, growth in the fourth quadrant). Following overnight
incubation, the enrichment broth was inoculated with a swab
on to three of the media, MRSA-ID, CHROMagar MRSA and
ORSAB. Supply problems prevented inclusion of MRSA-Select
in this part of the study. The plates were incubated for 16–18 h
before being scored (culture after enrichment). The results for
each medium were scored without knowledge of the results
obtained with the other media.
Recommendations for additional tests for the identification
of S. aureus and the confirmation of methicillin resistance vary
among manufacturers. For MRSA-ID and MRSA-Select, no
additional tests are required after incubation for 24 h, but a S.
aureus identification test should be performed on characteristic
colonies after incubation for 48 h. For CHROMagar MRSA, a
S. aureus identification test should be performed on character-
istic colonies after incubation for 24 or 48 h. For ORSAB, both
species identification and methicillin susceptibility tests
should be performed on characteristic colonies after incubation
for 24 or 48 h. During this study, additional tests were
performed systematically on all suspected MRSA colonies.
These tests comprised a DNase test and an agglutination test
for identification of S. aureus (Slidex StaphPlus; bioMe´rieux),
and an agglutination test for detection of the PBP2¢ protein
(Slidex MRSA detection; bioMe´rieux). Whenever possible,
these tests were performed directly on colonies from primary
plates. Colonies that were not isolated on primary plates, or
‘sticky’ colonies (which prevented preparation of even sus-
pensions for agglutination tests), were subcultured on blood
agar, with the tests being performed on the following day.
Plates were scored and interpreted according to the recom-
mendations of the respective manufacturers (technical files).
Characteristic MRSA colonies were blue on ORSAB, large and
green on MRSA-ID, small and pink on MRSA-Select, and
mauve on CHROMagar MRSA. In addition, the manufacturer
of MRSA-Select warned that colonies of coagulase-negative
staphylococci might be tinted with pink, and that colonies of
some strains of Acinetobacter develop a dark pink colouration.
Data analysis and definitions
A true-positive was a culture with characteristic colonies
(colour and morphology) that were confirmed as MRSA. A
false-negative was a culture with no characteristic colonies
that yielded MRSA on at least one other medium. A false-
positive was a culture with characteristic colonies that were
not MRSA (S. aureus susceptible to methicillin or a member
of another taxon), without taking into consideration the
manufacturer’s recommendation to perform additional tests.
A true-negative was a culture that did not grow MRSA on
any medium. The sensitivity was the ratio of true-positives to
the total number of MRSA that were recovered from all
media. The specificity was the ratio of true-negatives to the
number of false-positives plus the number of true-negatives.
As this specificity value is biased because additional tests
recommended by the manufacturers were not performed, the
specificity was also calculated after taking into consideration
the recommendations for additional tests. The selectivity was
evaluated in terms of the growth of non-characteristic
colonies (annex flora). The rapidity of detection was the time
that elapsed between the inoculation of the sample and the
confirmation of the presence of MRSA, taking into account
only the additional tests that were recommended by the
manufacturers. A mean time-to-detection was calculated for
each medium. The non-parametric bi-directional sign test
was used for pairwise comparison of the mean times to
detection. Discordant results were recorded when MRSA
colonies were identified on one medium and not on another.
In the latter case, any non-characteristic colonies were
investigated with additional tests to detect false-negatives
(i.e., MRSA that did not show characteristic colony mor-
phology). A McNemar test was used to analyse the discrep-
ancies between media, and to investigate whether one
medium was positive more often than the others. A p value
< 0.05 was considered to be significant.
RESULTS
In total, 466 specimens from 98 patients were
included in the study, comprising 127 nose
swabs, 121 throat swabs, 125 perineum swabs,
49 wound swabs, 34 urine specimens and ten
other sample types. The reasons for taking these
specimens were: control after decolonisation
treatment for MRSA, 111 (24%); control of
previously hospitalised patients known to have
been positive for MRSA, 77 (16%); and other
MRSA screening purposes, 278 (60%). Among
the 466 specimens, 102 specimens from 33
patients were positive for MRSA (direct cultures
and ⁄ or enrichment broth). Half of the patients
screened after a decolonisation treatment were
still MRSA carriers, compared with 23% of
previously hospitalised patients known to have
been MRSA-positive and 29% of other patients
screened (transferred from a foreign hospital,
sharing a room with patients known to be
infected ⁄ colonised with MRSA, or from a ward
with suspected clusters of MRSA infections ⁄
colonisations).
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Direct cultures
After incubation for 16–18 h, the sensitivity of
MRSA detection on different media varied from
47% to 65%, and from 67% to 82% after incuba-
tion for 42 h (Table 1). With direct cultures, 29
(28%) specimens were not positive on all four
media (discordancies), with fewer than ten col-
onies of MRSA observed in 24 (83%) cases,
suggesting a random effect of low inocula. For
the remaining five samples, none of the media
showed better growth of MRSA than the others.
These discordancies might be caused by non-
homogeneous inocula. However, the McNemar
test showed that there were more characteristic
colonies among these 29 discordancies after incu-
bation for 16–18 h on MRSA-Select than on
ORSAB (p 0.0001) or on MRSA-ID (p 0.0022),
and more on CHROMagar MRSA than on ORSAB
(p 0.0095). After incubation for 42 h, more spec-
imens yielded positive results on MRSA-ID and
MRSA-Select than on ORSAB (p 0.0004 and
0.0108, respectively). In addition, MRSA colonies
that were not characteristic (i.e., false-negatives)
were observed with two specimens on MRSA-ID
and ORSAB at 16–18 h, and with seven specimens
on ORSAB after 42 h.
The specificities of the media varied from 99%
to 100% after incubation for 16–18 h, and from
97% to 98% after 42 h (Table 1). Species respon-
sible for false-positive results were mainly of the
genus Staphylococcus, but other genera were also
observed on CHROMagar MRSA (Proteus,
Corynebacterium, Micrococcus) and MRSA-Select
(Enterococcus). After performing the additional
identification tests recommended by the manu-
facturers, specificities were improved only mar-
ginally (Table 1).
The relative sensitivities of the different media
were calculated according to the type of specimen
after incubation for 16–18 h or 42 h (Table 2).
After incubation for 16–18 h, the higher sensitiv-
ity of MRSA-Select was confirmed for each type of
specimen except perineum swabs, for which the
sensitivity was similar to that of MRSA-ID and
CHROMagar MRSA. After incubation for 42 h,
ORSAB showed the lowest sensitivity for each
type of specimen, except for throat swabs. After
42 h, similar sensitivities were observed for nose
and perineum swabs with MRSA-ID, MRSA-
Select and CHROMagar MRSA. There was little
difference between MRSA-ID, ORSAB and
MRSA-Select for the isolation of MRSA from
throat swabs, but Chromagar MRSA appeared to
be inferior to the other media. The sensitivity of
both MRSA-ID and MRSA-Select appeared to be
superior for other types of specimens (wounds,
urine, etc.). Sensitivities calculated according to
the reason for screening are shown in Table 3.
After incubation for 42 h, sensitivities appeared to
be similar, except for ORSAB, which showed the
lowest sensitivity for each category of specimens,
and CHROMagar MRSA, which showed a low
sensitivity only for ‘other’ screening specimens.
Table 1. Sensitivity and specificity after incubation of
direct cultures for 16–18 h or 42 h, and following enrich-
ment in broth
MRSA-ID
CHROMagar
MRSA ORSAB
MRSA-
Select
Incubation for 16–18 h
True-positive 52 60 48 66
False-positive 0 2 2 0
False-negative 50 42 54 36
True-negative 364 362 362 364
Sensitivity 51% 59% 47% 65%
Specificity 100% 99% 99% 100%
Specificity following
additional tests
NA 99% 100% NA
Incubation for 42 h
True-positive 84 76 68 82
False-positive 6 12 8 6
False-negative 18 26 34 20
True-negative 358 352 356 358
Sensitivity 82% 75% 67% 80%
Specificity 98% 97% 98% 98%
Specificity following
additional tests
99.7% 99.2% 100% 99.7%
Following enrichment in broth
True-positive 95 97 81 ND
False-positive 0 4 0
False-negative 7 5 21 ND
True-negative 364 360 364 ND
Sensitivity 93% 95% 79% ND
Specificity 100% 99% 100%
Specificity following
additional tests
NAa 99% 100% ND
NA, not applicable (no additional tests required); ND, not done.
Table 2. Sensitivity (%) of direct cultures after incubation for 16–18 h or 42 h according to specimen type
Specimen type (number of specimens with
MRSA ⁄ total number of specimens)
MRSA-ID
16–18 h | 42 h
CHROMagar MRSA
16–18 h | 42 h
ORSAB
16–18 h | 42 h
MRSA-Select
16–18 h | 42 h
Nose swab (17 ⁄ 127) 58 | 89 68 | 84 58 | 67 79 | 84
Throat swab (28 ⁄ 121) 34 | 75 38 | 63 38 | 75 50 | 72
Perineum swab (23 ⁄ 125) 56 | 80 62 | 80 40 | 56 60 | 76
Others (25 ⁄ 93) 62 | 88 73 | 77 58 | 69 77 | 92
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Differences between media in terms of specif-
icity did not exceed 3% (data not shown), except
for perineum swabs after incubation for 48 h,
where the specificity of CHROMagar MRSA was
94%, compared with 100% and 99% for MRSA-
ID and ORSAB, respectively.
Culture after enrichment broth
The sensitivities of the different media following
enrichment of swabs in broth varied from 79% to
95% (Table 1). Twelve (12%) samples were not
positive with all three media. The McNemar test
showed that, among these discordancies, there
were more cultures with characteristic colonies
on MRSA-ID and CHROMagar MRSA than on
ORSAB (p 0.0005 and 0.0002, respectively). The
specificity was calculated in the same way as for
direct cultures and varied from 99% to 100%
(Table 1). Additional tests identified only two
false-positive results, both on CHROMagar
MRSA. In addition, five samples yielded MRSA
colonies on ORSAB that were not characteristic
(false-negatives). In comparison with direct cul-
ture after incubation for 48 h, the combination of
enrichment broth with direct culture revealed an
additional 16% of samples that were positive for
MRSA with MRSA-ID and ORSAB, and 24% with
CHROMagar MRSA.
Selectivity
Selectivity is a measure of the capacity of a
medium to inhibit the growth of microorganisms
other than MRSA. This was evaluated in the
present study by semi-quantitative estimation of
the growth of annex flora (i.e., colonies that are
not MRSA). Fig. 1 shows the growth of annex
flora on direct culture plates following incubation
for 16–18 h or 42 h, and on subculture plates after
enrichment. With direct cultures, the selectivity
appeared to be slightly better on MRSA-Select
and CHROMagar MRSA than on MRSA-ID and
ORSAB. However, following growth in enrich-
ment broth, the selectivity was slightly better on
ORSAB than on MRSA-ID and CHROMagar
MRSA. In addition, 6% of cultures growing annex
flora after enrichment showed no growth after
42 h in direct cultures.
Speed of detection and number of
complementary tests
The time required to perform the analysis was the
mean period between the day of inoculation of the
specimens and the day the positive results were
obtained, taking into account the time required to
perform all additional tests recommended by the
manufacturers. For direct cultures, the mean
Table 3. Sensitivity (%) of direct cultures after incubation for 16–18 h or 42 h according to the indication for screening
Indication for screening
(number of specimens with
MRSA ⁄ total number of specimens)
MRSA-ID
16–18 h | 42 h
CHROMagar MRSA
16–18 h| 42 h
ORSAB
16–18 h| 42 h
MRSA-Select
16–18 h| 42 h
Control after MRSA decolonisation
treatment (28 ⁄ 109)
33 | 76 42 | 67 30 | 55 39 | 70
Screening of previously hospitalised patients
known to have been positive for MRSA (17 ⁄ 77)
61 | 89 67 | 89 61 | 72 78 | 83
Screening for other purposes
(see Materials and methods) (47 ⁄ 280) 59 | 84 67 | 75 53 | 73 76 | 86
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direct cultures after incubation for
(A) 16–18 h, (B) 42 h and (C) follow-
ing enrichment in broth. Growth
was recorded semi-quantitatively
from plates inoculated by the streak-
ing method (1, growth in the first
quadrant; 2, growth in the second
quadrant; 3, growth in the third
quadrant; 4, growth in the fourth
quadrant).
Nahimana et al. Chromogenic media for MRSA 1171
 2006 Copyright by the European Society of Clinical Microbiology and Infectious Diseases, CMI, 12, 1168–1174
times required to obtain the final result were 1.35,
1.65, 1.72 and 2.31 days for MRSA-Select, MRSA-
ID, CHROMagar MRSA and ORSAB, respect-
ively. All the pairwise comparisons of these mean
times-to-detection were statistically significant
(p < 0.03; non-parametric, bi-directional sign
test). After enrichment, the mean times-to-detec-
tion were 2, 2.25 and 3 days for MRSA-ID,
CHROMagar MRSA and ORSAB, respectively.
According to the manufacturers’ recommenda-
tions, the number of S. aureus identification tests
that should have been performed on characteristic
colonies during this study was 25, 39, 79 and 92
for MRSA-Select, MRSA-ID, ORSAB and
CHROMagar MRSA, respectively, for direct cul-
tures, and 0, 83 and 104 for MRSA-ID, ORSAB
and CHROMagar MRSA, respectively, following
enrichment. Similarly, the number of tests re-
quired to confirm resistance to methicillin using
the ORSAB medium was 72 for direct cultures
and 81 for enrichment cultures.
DISCUSSION
This study evaluated four media, including three
chromogenic media, for their ability to detect
MRSA in terms of their sensitivity, specificity and
speed of detection. In order to ensure that an
identical inoculum was applied to each tested
medium, specimens were homogenised in sterile
physiological saline. While this non-routine pro-
cedure was a limitation of the study, this
approach provided data showing that, using
identical inocula from clinical specimens, there
were significant differences between the various
media.
For the majority of cultures, MRSA colonies
had the characteristic colour and morphology
described by the manufacturers, except for OR-
SAB, on which seven MRSA strains did not have
the characteristic blue colour (false-negatives)
after incubation for 42 h, which is a problem that
has been reported previously for this medium
[11,12]. An incubation period of only 24 h might
help to decrease this problem, but with a consid-
erable loss of sensitivity.
MRSA-Select showed the best sensitivity after
incubation of direct cultures for 16–18 h. How-
ever, the sensitivity of all media was greatly
improved when the incubation period was pro-
longed to 42 h. To investigate whether the incu-
bation time before the first reading (16–18 h) was
too short, a supplementary reading was made
after incubation for 22 h with about 300 cultures
on MRSA-ID, but no differences in MRSA growth
were observed compared with the reading after
16–18 h (data not shown).
The specificity of identifying MRSA according
to the colour and morphology of the colonies was
excellent (100%) for both MRSA-ID and MRSA-
Select after incubation for 16–18 h. This specificity
justifies the manufacturer’s recommendation that
no additional tests are required to identify MRSA
in this situation. However, after incubation for
42 h, a decrease in specificity was observed for all
media. Therefore, as recommended, additional
tests are required when characteristic colonies
grow only after 42 h. The inhibition of the annex
flora (selectivity) was good for all media, with
only small differences observed, but growth of the
annex flora increased with an extended incuba-
tion time. It has been recommended that cefoxitin
rather than oxacillin should be included in select-
ive media designed for the detection of MRSA
[6,13], as better selectivity is obtained with cefox-
itin because of the inhibition of S. aureus isolates
that hyper-produce penicillinase. This may ex-
plain the fact that six of nine MSSA identified in
the present study were detected on the media
containing oxacillin (ORSAB and CHROMagar
MRSA).
Several previous studies have evaluated the
performance of chromogenic media in detecting
MRSA. Using a small collection of MSSA and
MRSA, Diederen et al. [10] reported a sensitivity
of 94.5% and a specificity of 100%. The same
authors evaluated the MRSA-ID medium, which
showed a similar performance (96.4% sensitivity,
98.2% specificity) [14]. Merlino et al. [15] found
that CHROMagar MRSA discriminated S. aureus
reliably from other Staphylococcus spp. (100%
sensitivity, 100% specificity). However, while
hospital-acquired MRSA (HA-MRSA) strains
were detected reliably on CHROMagar MRSA,
this medium performed poorly with community-
acquired MRSA (CA-MRSA) strains. This high-
lights the fact that the performance of these media
is not identical with all strains of MRSA. Thus, the
performance in clinical laboratories might vary
according to the local predominance of specific
MRSA clones.
In studies using clinical specimens, it is not
possible to compare the sensitivity of media
between studies (false-negatives depend on the
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method used to detect or identify all MRSA)
unless the methodology is very similar. However,
the specificity can be compared using a methodo-
logy similar to that of the present study, as this is
based on the number of characteristic colonies
that are not MRSA (false-positive) and the num-
ber of true-negatives. Perry et al. [6] evaluated
four media, including MRSA-ID, CHROMagar
MRSA and ORSAB, and also demonstrated a
better performance of MRSA-ID compared with
CHROMagar MRSA or ORSAB. In another study,
Stoakes et al. [16] evaluated the performance of
CHROMagar MRSA and MRSA-Select with
> 2000 nasal and perineum swabs. In agreement
with the present results, a better sensitivity was
observed on MRSA-Select (97.3%) than on
CHROMagar MRSA (82.9%), whereas the specif-
icities were similar (99.8% and 99.1%, respect-
ively). In a multicentre evaluation of CHROMagar
MRSA, it was shown that the specificity of this
medium was 99.7% after incubation for 24 h, and
96.3% after 48 h [17]. Apfalter et al. [12] compared
ORSAB medium with a routine procedure for
detecting MRSA, which included an enrichment
broth, and found a sensitivity of 68% and a
specificity of 94.5% after incubation for 48 h [12].
Despite commercial efforts to develop new
media with high sensitivity, the present study,
as well as others [11,18–20], showed a substantial
increase in sensitivity following enrichment com-
pared with direct cultures. Therefore, an enrich-
ment broth remains necessary for sensitive MRSA
detection. As reported previously for MRSA-ID,
CHROMagar MRSA and ORSAB [6], better sen-
sitivity is obtained by extending the incubation
time of direct cultures, and this was also true for
MRSA-Select. However, in terms of infection
control, the increased cumulative sensitivity
achieved by multiple body site sampling, which
was not addressed in the present study, should
also be considered.
A further issue to be considered when choosing
between MRSA screening media is the necessity
for additional tests that must be performed on
characteristic colonies, as these additional tests
will increase the costs, and might delay the result.
The present study showed that the media MRSA-
Select and MRSA-ID were advantageous for
direct cultures, mainly because no additional tests
are required after incubation for 24 h.
In conclusion, the sensitivity of all the media
tested for isolation of MRSA was increased by a
prolonged incubation period of 42 h and ⁄ or by
the use of an enrichment broth. Differences in
performance were observed among the four
media tested in terms of sensitivity and speed of
detection, whereas the specificities were similar.
The differences in sensitivity were especially
significant after incubation for 16–18 h. The fact
that no additional tests were needed with MRSA-
ID and MRSA-Select makes their use advanta-
geous compared with the other media as MRSA
could be reported earlier to the clinician.
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